Objective: To quantify the intake of household salt and its contribution to the total salt intake in a Danish population. Methods: Eighty-seven healthy individuals (37 men and 50 women), aged 20-55 years, recruited from the area of Copenhagen, completed the study. Total salt intake was estimated from the mean urinary excretion of sodium in four 24-h collections. Household salt, added to the food by the volunteers, was assessed using a lithium-marker technique. Results: Total salt intake was 10.6 ± 3.3 g day À1 (mean ± s.d.) in men and 7.1 ± 2.3 g day À1 in women. Median intake of household salt was 1.0 g day À1 in men and 0.5 g day À1 in women, corresponding to 10.2 and 8.7% of total salt intake in men and women, respectively. A significant difference between sexes was found regarding total salt intake (Po0.0001), but no difference was found if total salt intake was measured per energy intake. No significant difference was found between sexes regarding intake of household salt, and neither the educational level nor the age was associated to either total salt intake or intake of household salt. Conclusion: These findings support the assertion that the total salt intake in the Danish population is above the recommended intake and that the salt intake cannot be sufficiently lowered simply by lowering the use of household salt. Focus needs to be addressed to salt added during the processing or manufacture of foods, as this is the greatest source of salt intake at least in this group of healthy volunteers.
Introduction
High blood pressure is common in the Western countries, and it is regarded a major risk factor for cardiovascular disease and premature death (Chobanian et al., 2003) . One of the suggested preventive measures for reducing the incidence of hypertension and cardiovascular diseases is to reduce the intake of salt in the diet. The goal of the World Health Organisation is to reduce the mean population salt intake to less than 5 g day À1 (WHO Expert Committee, 1996) , and so is the long-term goal according to the Nordic Nutrition Recommendations (Nordic Council of ministers, 2004) . To attain this goal it is important to know the total intake of dietary salt in the population and the contribution of the salt that the individual holds responsibility fornamely the intake of household salt. Like in most other European countries, the total salt intake in Denmark is well above the recommended level (Joossens et al., 1996; Pedersen et al., 1996; Lyhne et al., 2005) . However, the intake of household salt has never been assessed in Denmark.
In 1987 a lithium-marker technique was developed (Sanchez-Castillo et al., 1987a, b) , which made it possible to assess the intake of household salt in free-living subjects and a simplified version of this technique was successfully validated in 1990 (Leclercq et al., 1990) . This lithium-marker technique has been used to assess the intake of household salt in England and Italy. The intake of household salt in England was low, approximately 1 g day À1 (Sanchez-Castillo et al., 1987c) , whereas the intake in Italy was found to be somewhat higher, approximately 4 g day À1 (Leclercq and Ferro-Luzzi, 1991) . The aim of the present study was to assess the intake of household salt and the part of the total salt that is derived from household salt in a cross-section of healthy Danish adults.
Subjects and methods

Subjects
Participants were recruited by advertising at two universities, four different work places and some supermarkets in the Copenhagen area. Subjects were not included in the study under the following conditions: (a) if they were pregnant or breast feeding, (b) had chronic renal failure, (c) used medication containing lithium, (d) performed heavy exercise and (e) were non-Caucasian.
The advertising was stopped when a total of 38 men and 54 women, aged 20-55 years agreed to participate.
Protocol
When subjects responded to the advertisement, a written information about the study was sent to them and a personal meeting was arranged. At the personal meeting a salt cellar with lithium-tagged salt was delivered to each participant. They were asked to replace their normal salt with the lithium-tagged salt for 10 consecutive days. See Figure 1 for the study design. Prior to the 10-day period, a 24-h urine sample was collected. Likewise, on each of the last 3 days of the 10-day period, when urinary lithium excretion reached a plateau (Leclercq et al., 1990) , 24-h urine samples were also collected. Urine was collected in separate containers each day. Furthermore, a food diary was kept for the last 3 days. The diary was kept in the supplied booklets with pre-coded fixed answer possibilities supplemented with a possibility for open answers. The booklets were divided into five meals; breakfast, lunch, hot dinner, cold dinner and snacks. Food portion sizes were estimated from household measures and a series of photos. Each series of photos consists of four or, in most cases, six photos of different portion sizes. The booklet for dietary record was used in The Danish National Dietary Survey (Lyhne et al., 2005) . Subjects were instructed to eat as usual during the course of the study. Salt added at the table was not taken into account in the food diary, but salt added during cooking was included with a standard amount in each recipe. Intakes of nutrients and foods were calculated using The General Intake Estimation System (Version 0. Height and body weight were measured in all subjects without shoes. Height was measured with a height measuring unit (Soehnle, Murrhardt, Germany) to the nearest centimeter. Subjects were weighed with indoor clothing to the nearest 0.1 kg on an electronic scale (Rowenta Silver Art, Boston, MA, USA). Blood pressure was measured with a digital blood pressure monitor (model UA-779, A&D Company, Tokyo, Japan). A short interview regarding the education and occupation was conducted for each participant. Each participant had a thorough instruction regarding the use of the lithium-tagged salt, how to collect 24-h urine samples and how to keep food diaries. During the study the participants were instructed not to eat any home cooked food prepared prior to the start of the study.
Lithium-tagged salt
The lithium-tagged salt was prepared by Akzo-Nobel (Delfzijl, Holland) . A premix (92 g Li 2 CO 3 kg À1 salt) was molten in a muffle oven at 900 1C for 2 h and milled after cooling. Fractions o125 mm were removed (approximately 10-15%). If the coarse part would be milled again to obtain a finer salt, too many fines would be formed and a homogeneous distribution of lithium would be hard to obtain. Therefore, the lithiumtagged salt was coarser than ordinary fine table salt. The premix was then mixed with normal salt (NaCl).
Urine collections
On day 1 the morning urine was not collected. The morning urine on day 2 was the last sample collected in the first 24-h and so on. Urine samples were validated for completeness with para-aminobenzoic acid (PABA). Eighty milligram of PABA was taken orally at 0800, 1200 and 1800 hours, and urine samples with a content of PABA below an earlier established cutoff point of 187 mg were rejected (Jakobsen et al., 1997) . Our criteria for considering a urine sample as being complete resulted in a rejection of 56 of 348 urine collections (16%). The subjects were asked to record the time of the start and finish of the urine collection in a questionnaire, together with the time of taking the tablets, any lost specimens and intake of medications during the urine-collection period in a questionnaire. Urine collection was done in 2.5 l plastic bottles, containing 10 ml of hydrochloric acid (1 mol l À1 ) as preservative. The bottles were delivered in black plastic bags to avoid light contamination and disturbance of the PABA measurements (Bingham and Cummings, 1983) . A sample of each 24-h urine collection was stored in 3.5 ml test tubes at À18 1C until being analysed.
The study took place from January to May, when temperature was not so high and therefore eventual loss of lithium and sodium through sweat was assumed to be minimal (Arn and Reimer, 1950) . 
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The protocol was approved by the Ethical Committee of the Copenhagen County (KA05098g) and all participants gave written informed consent.
Analysis
Urinary lithium and the lithium content of the lithiumtagged salt were measured by inductively coupled plasma mass spectrometry (ICP-MS), using an ELAN 6100 DRC ICP-MS instrument (MDS Sciex, Concord, Ontario, Canada). Prior to ICP-MS analysis 10 g of salt was dissolved in 1% v/v nitric acid equivalent to dilution by a factor of 10 000. The thawed urine samples, in which a precipitate was visible, were ultrasonicated prior to dilution by a factor of 10 in 2% v/v nitric acid. Lithium was measured in the diluted samples as 7 Li using 9
Be as internal standard, and was quantified by external calibration. The ICP-MS was operated at 1100 W rf power using a dwell time of 200 ms per isotope. The lithium content of the lithium-tagged salt was measured in duplicate samples taken from 10 randomly picked salt containers. The lithium concentration (mean±s.d.) was 1306±117 mg g À1 (N ¼ 20). The within-and between-bottle variance were not significantly different. The limit of detection for lithium in urine, which was estimated from the variance of lithium in 18 blank sample containers, was 0.4 ng ml
À1
. The uncertainty of the measurements of urinary lithium, which was based on random double determinations (N ¼ 18) was 41% relative standard deviation (RSD) and the recovery of lithium added at 100 ng ml À1 was 110 ± 8% RSD (N ¼ 18). Urinary sodium was measured by adding a drop of urine and a drop of reference liquid on each end of a Vitros sodium slide, which was a multilayered disc containing two ion-selective electrodes. Both liquids filtered through the layers of the disc, and created a stable fluent connection between the two electrodes. Each electrode produced an electrical potential, which depended on the sodium concentration and the difference between their potential was proportional to the sodium concentration in the sample. As high concentrations of potassium in the sample would interfere with the test results, potassium was measured and if necessary a correction was made. The response was linear over the range 5.0-250 mmol and samples with higher concentrations were diluted. Accuracy: Intra-assay CV:1.5%, inter-assay CV:4.3%.
Urine samples were analysed for PABA with the use of the HPLC (high-performance liquid chromatography) method described by Jakobsen et al. (1997) . In short, 1 ml urine was hydrolysed before dilution, separation, detection and quantification on reversed phase HPLC and UV-detection.
Calculations
Urinary sodium or lithium excretion was calculated as each concentration (mmol l À1 ) multiplied by the total urine volume (l). From mean urinary sodium excretion, the total salt intake was estimated by multiplication with the factor 2.5. This was done for participants, who had at least one complete urine collection (n ¼ 87).
Household salt intake was assessed from the mean urinary lithium excretion after subtraction of baseline excretion and then divided by the concentration of lithium measured in the lithium-tagged salt. An assessment of household salt intake was done only for participants who had at least one complete plateau collection and a complete baseline collection (n ¼ 73). Three participants had a baseline urinary excretion of lithium greater than their mean plateau excretion, and their household salt intake was assessed as being zero.
The proportion of household salt intake/non-household salt intake out of total salt intake was estimated in all participants, regardless of having complete collections or not.
Statistical analysis
Values reported are mean ± s.d., medians, P-values and percentages. In the text, mean values are used for normally distributed data and median values for data not normally distributed. Student's paired and unpaired t-test, one-way analysis of variance, Pearson correlations and Duncan's multiple-range test were used to analyse normally distributed data. Wilcoxon signed rank test, Kruskal-Wallis test and Spearman correlations were used to analyse data that were not normally distributed. The SAS (Statistical Analysis System under Microsoft Windows; SAS Institute Inc. Cary, NC, USA) programme, version 9.2, was used for the statistical analysis. P-values o5% (0.05) were considered significant.
Results
One man and three women dropped out of the study because of inconvenience of collecting 24-h urine samples. Furthermore, one woman, who completed the study, was excluded because she had an excretion of PABA, on all days, three times higher than her intake. This left us with results from 37 men and 50 women.
The physical characteristics of the participants and energy intake are presented in Table 1 . The educational levels of the participants are presented in Table 2 . Intake of total salt and household salt is presented in Table 3 . Mean total salt intake, estimated from urinary excretion of sodium, was 10.6±3.3 g day À1 in men and 7.1±2.3 g day À1 in women.
No significant difference was found between total salt intake estimated from urinary sodium and from the food diary. The median intake of household salt was 1.0 g day À1 in men and 0.5 g day À1 in women. The median proportion of household salt to total salt intake was 10.2 and 8.7% for men and women, respectively. Therefore, the median non-household salt intake (salt added during the processing or manufacturing of foods, naturally occurring salt in food Intake of household salt L Andersen et al or salt eaten in restaurants and so on) was found to be 89.8 and 91.3% of total salt intake for men and women, respectively. Urinary excretion of sodium did not differ significantly from day to day in men during the 4 days of urine collection, but in women the urinary excretion of sodium was significantly higher on the first day of urine collection than on the last 2 days (Figure 2 shows the salt intake during the 4 days, estimated from urinary sodium in women). Estimated household salt intake did not differ significantly in either men or women during the last 3 days of urine collection.
A significant difference was found between sexes regarding total salt intake estimated from urinary sodium (Po0.0001), and regarding salt intake from non-household sources (Po0.0001), but there was no significant difference between sexes in total salt intake, estimated from urinary sodium if the intake was expressed per energy intake. No difference between sexes was found with respect to intake of household salt. When participants were divided into six different educational groups according to the length of their education, or five different age groups, no significant difference 11.2 ± 9.0 (10.2) 12.6 ± 11.0 (8.7) NS Intake of non-household salt (g day À1 ) (n ¼ 73) 9.3 ± 3.0 (9.5) 6.1 ± 1.9 (6.3) o0.0001 Non-household salt density (g day À1 per 10 MJ) (n ¼ 73) 9.5 ± 3.5 (9.6) 7.8 ± 2.7 (7.5) NS Proportion of non-household salt (%) (n ¼ 87)
88.8 Intake of household salt L Andersen et al was found between groups according to total urinary sodium, intake of household salt or non-household salt.
Figures 3 and 4 show total salt intake, estimated from urinary sodium and the relative amounts from household salt in men and women, respectively. A significant correlation was found between the total salt intake of men and their intake of household salt (Po0.05). No such correlation was found for women.
Significant correlations were found between the total salt intake of the participants, estimated from urinary sodium, and weights of both men and women (Po0.0001), intake of energy (Po0.01) and systolic blood pressure (Po0.01). If each sex was tested separately, a significant correlation was found between the total salt intake and weight of the women (Po0.01). The correlation between the total salt intake and weight of the men was nearly significant (P ¼ 0.06), but no significant correlations were found between total salt intake and both energy intake and systolic blood pressure for any of the two sexes.
Discussion
The median intake of household salt was 0.5-1 g day À1 in this sample of healthy adults and the median contribution of household salt was 8-10% of the total salt intake. Intake of salt, in particular the intake of household salt, is difficult to assess with dietary recording methods. The strength of the present study is that an objective technique, capable of measuring household salt intake, is used (SanchezCastillo et al., 1987a, b; Leclercq et al., 1990) . Intake of household salt has not been assessed previously in a Danish population and only few studies throughout the world have measured the intake of household salt with an objective method (Sanchez-Castillo et al., 1987c; Leclercq and FerroLuzzi, 1991; Melse-Boonstra et al., 1999 .
The intake of household salt determined in the present study was very similar to the results of a study from England (Sanchez-Castillo et al., 1987c) , in which a mean household salt intake of approximately 1 g day À1 , corresponding to 11-12% of total salt intake, was found in 83 healthy adults. In a similar study from Italy, the mean household salt intake was found to be higher, approximately 4 g day
À1
, corresponding to 35-40% of total salt intake (Leclercq and FerroLuzzi, 1991) . This could be explained by the fact that Italians eat more home prepared meals than both the English and Danish populations.
It was found that the mean urinary sodium in women was lower during the last days of the study than at baseline, which could indicate that the women purposely reduced their salt intake, probably because of their participation in the study. Thus, the results might be underestimated in women perhaps particularly the intake of household salt, which is the visible salt.
No significant difference in the total salt intake, estimated from the food diary and that from the 24-h urinary sodium, was found in this study, despite the fact that table salt was not recorded in the food diary. This was in line with Hagfors et al. (2005) who did not find a difference between salt intake, determined from a dietary history interview and 24-h urine samples, whereas Reinivuo et al. (2006) found a lower intake of salt, determined from a 48-h dietary recall rather than from 24-h urine samples, in women but not in men. Total salt intake determined from 24-h urinary excretion of sodium in the present study was close to the values found in Holland (10.1 and 7.7 g salt per day for men and women, respectively) and slightly higher than results from Germany (9.7 and 6.7 g salt per day in men and women, respectively) (Joossens et al., 1996) .
We estimated the sodium intake as being equivalent to the urinary excretion of sodium, but sodium is also lost through the skin in sweat and in faeces. According to SanchezCastillo et al. (1987a, b) 93% of the sodium intake is excreted in the urine, so the intake is a little higher than measured by urinary sodium. Mean total salt intake measured in Danish people by urinary sodium was 11.5 and 9.1 g in men, and 8.7 and 6.7 g in women in two previous studies, respectively Intake of household salt L Andersen et al (Joossens et al., 1996; Pedersen et al., 1996) . Thus, the total salt intake in the present study was at the expected level.
Our criteria for considering a urine sample as being complete, resulted in rejection of 16% of all urine collections. This proportion was similar and a bit lower than that obtained in other population studies in which PABA check was used (Rasmussen et al., 1999 (Rasmussen et al., , 2002 . This indicates a satisfactory compliance in our participants.
Sample preparation of the urine samples prior to lithium analysis was crucial for precise and accurate analyses. Ultrasonication of the precipitate aided representative subsampling for the final dilution for the ICP-MS measurements. If ultrasonication was not applied, the results obtained were highly variable, which indicated that lithium was partially bound to the precipitate.
The individuals who took part in the present study were not randomly selected from the general population but were recruited by advertisement. A greater proportion of the study subjects had a long education and a smaller proportion a short or no education compared to the general Danish society (Jeppesen, 2005) . In the study from Italy, (Leclercq and Ferro-Luzzi, 1991) it was found that the social class was a determinant for salt intake: a higher salt intake was associated with a lower social class. If the same applies to the Danish subjects, the present result may be slightly underestimated. However, as mentioned above, the total salt intake reported in this study was not lower than in the previous Danish studies (Joossens et al., 1996; Pedersen et al., 1996) .
Despite this limitation with representativeness, the findings from this study and from the study from Britain (Sanchez-Castillo et al., 1987c) suggest that household salt constitutes a minor part of the total salt intake and that other sources, primarily salt added during processing but perhaps also salt added in preparation of meals in canteens, restaurants, for example, are the most significant sources. However, a large variation in the intake of household salt between the subjects was found, and household salt constitutes more than 40% of the total salt intake in some individuals. Hence, to decrease the salt intake, efforts must be made to urge the food industry to lower the salt content in processed food, and the consumers should also be advised to resist the use of salt and to buy food with a low salt content, although this only has a marginal effect on the mean salt intake (Hooper et al., 2002) .
Conclusion
Household salt constitutes a minor part of the total salt intake in healthy Danish adults and the results of this study emphasize that a large proportion of the salt intake is added during the processing or manufacturing of foods or is added by others outside the home. Therefore, it is not easy for the consumers to lower the salt intake to the recommended level.
